Evidence based on ultrastructure and immunocytochemical staining suggests that morphological gradations between epithelial and myoepithelial cells, and possibly between epithelial and alveolarlike cells, can occur in terminal ductal structures of rat and human mammary glands. In neoplastic disease the benign, carcinogen-induced rat and benign, human mammary tumours can contain epithelial, myoepithelial-like and alveolar-like cells, whereas their malignant counterparts mainly contain only epithelial-like cells. Clonal epithelial cell lines from normal rat mammary glands, from benign tumours and from SV40-transformed human mammary cultures can differentiate to either myoepithelial-like or alveolar-like cells. In those of the rat, the differentiation processes occur in steps, intermediate cells along the myoepithelial-like pathway resemble the morphological intermediates in the terminal ductal structures in vivo. Changes in specific polypeptides characterize each of the intermediate cells in vitro. One of the earliest increases observed in the myoepithelial-like pathway in vitro is that due to a novel protein p9Ka, whereas the major increases in Thv-1 antigen and the basement membrane proteins laminin and type IV collagen occur at later steps. The nucleotide sequence of the gene for p9Ka is related to that of the small, regulatory calcium-binding proteins, and antibodies raised to synthetic fragments of its predicted amino acid sequence react with only myoepithelial cells within the rat mammary parenchyma. Increases in the production of p9Ka and Thy-1 are largely due to increases in their messenger RNAs, possibly arising at the level of transcription of the DNA, whereas the increases in production of laminin and type IV collagen occur at a post-transcriptional level. T he normal transcriptional promoter sequences of TATA or CAAT are not found adjacent to the genes for p9Ka or T hy -1. Cells and cell lines from malignant rat mammary tumours of increasing metastatic potential and from malignant areas of human ductal carcinomas largely fail to yield fully differentiated myoepithelial-like or alveolar-like cells in culture; however, weakly metastasizing rat cells yield variants which may retain a vestige of the myoepithelial phenotype. It is suggested that novel regulatory transcriptional element(s) may control the production of some of the proteins along the normal myoepithelial-like pathway, and that these elements may be relatively unique in their capacity to become inoperative in the malignant breast cancer cell.
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Identification of cell types and development of the normal mammary gland
with associated desmosomes, whereas the myoepithelial cells possess smooth muscle like myofilaments with pinocytotic vesicles and basement membranes on their basal surfaces. A third functionally differentiated cell type, the secretory cell, is found in the mammary alveoli. This cell type is characterized by its ultrastructure and, during lactation, by the synthesis and secretion of milk products (Ozzello, 1971; Radnor, 1971) .
More recently, immunocytochemical stains have been used to distinguish between the different cell types (Table 1) T h e development of the mammary parenchyma takes place predominantly after birth, but prior to puberty (Myers, 1919; Dawson, 1934) , by the lengthening and branching of primative ducts within the mammary fat pad. During this period of growth, the ducts terminate in globular structures called terminal end buds in rats (T E B s ), which contain most of the dividing parenchymal cells (Dawson, 1934; Russo et al. 1982) . T h e number of globular structures reaches a maximum in rats of about 20 days old (Russo et al. 1982) , and in humans of about 13 years old (Dawson, 1934) (Fig. 1A) . Thereafter the number rapidly declines as the globular structures differentiate to terminal ducts and alveolar buds in rats (Russo & Russo, 1978) or to terminal ductal alveolar units (T D L U s) in humans (Dawson, 1934) (Fig. IB ) . The alveolar buds and T D L U s are the direct precursors of the secretory alveoli. In rats the T E B s and to a lesser extent the alveolar buds consist of a heterogeneous collection of cells which show a gradation in ultrastructural and immunocytochemical-staining characteristics towards the epithelial cells on the one hand, and to the myoepithelial cells of the subtending duct on the other hand (Williams & Daniel, 1983; Ormerod & Rudland, 1984) . Some of the terminal structures in humans also show some evidence for similar morphological gradations (Stirling & Chandler, 1976; Smith et al. 1984; Rudland& Hughes, 1989) . Thu s some evidence exists in vivo relating epithelial cells to myoepithelial cells on the one hand and to alveolar cells on the other hand, although this evidence is stronger in the rat than in the human at present.
Development and cellular structure of mammary tumours
The susceptibility of the rat mammary gland to chemical carcinogenesis correlates with the presence in the gland of T E B s and terminal ducts (Russo et al. 1977 The primary carcinogens which induce mammary tumours in humans are (Table 2) , and thus the results of one, rat mammary 25 (Rama 25) from a benign rat mammary tumour, is described in detail below.
The epithelial cell lines, both rat and human, are conveniently cultured on a plastic substratum where they grow with a cuboidal morphology ( Fig. 2A ) . When such cultures become densely packed, small, dark, polygonal cells are formed ( 
-■ . U .:■•'■■■'':■•>;■■ : majority of the more-elongated cells in vitro are classified as myoepithelial-like rather than as mature myoepithelial cells (Rudland et al. 1980, 19896) .
T h e epithelial cell lines can thus give rise to both alveolar-like cells and myoepithelial-like cells (Fig. 3) . T h ey are therefore possible candidates for stem cells for the mammary gland, since they can undergo in vitro the morphological transitions observed in terminal ductal structures in vivo (pp. 9 7 -9 8 ) and in primary cultures in vitro (Rudland, 1987) . Moreover, when grown on floating collagen gels which mimic the stromal matrix of the mammary gland, such epithelial cell lines form branched, duct-like structures reminiscent of the immature ducts found in neonatal mammary glands (Bennett, 1980; Ormerod & Rudland, 1982 , 1988 , further confirming their possible stem-cell properties. (Rudland et al. 1986 ). T h e intermediate cell lines in vitro thus may represent the heterogeneous cells observed earlier (pp. 9 7 -9 8 ) in budded structures in vivo. T he above cellular order is maintained for increasing abundance of 7 polypeptides which are characteristic of elongated, myoepithelial-like cells and decreasing abundance of 4 polypeptides which are characteristic of cuboidal epithelial cells (Fig. 4) (Paterson & Rudland, 19856; Rudland et al. 1986 ). T h e majority of these new proteins do not correspond to the known proteinaceous markers of the myoepithelial cells since the two dimensional-gel systems used to identify them cannot easily detect the lower levels of most of the known marker proteins of the myoepithelial cell.
Identification and regulation of discrete differentiation stages to myoepithelial-like cells in vitro
One of the earliest detectable increases in a protein along the myoepithelial-like differentiation pathway is that due to polypeptide 13 ( Fig. 4) (Rudland et al. 1986 ), a novel protein of 9000 mol.wt. termed p9K a by Barraclough et a l. (1982 Barraclough et a l. ( , 1984a . T h e nucleotide sequence of its gene (Fig . 5) suggests that it may be related to a class of small, regulatory, calcium-binding proteins ( Fig. 6) a te ta te ta te ta te ta te ta te ta te ta te ta te ta te t a te ta te ta te ta ta te ta t a tea te ta te ta ta te ta t c ta te ta te ta Ser-Gly-Asn-Glu-Cly-Asp-Lys-Phe-Lys-Leu-Asn-Lys-Thr-Glu-Leu-Lys-Glu-Leu-Leu-Thr-Arg-fllu-
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Phe-Pro-Ser-Leu-Lau-___ Lys-____ Gly-____ Pro-Ser-Thr-Leu-Asp-Olu-Leu-Phe-Glu-Glu-Leu- Cys-Asn-Glu-Phe-Phe-Glu-Gly-Cys-Pro-Asp-Lya-Clu-Pro-Arg-Lys-Lys COOH LysLya H e Ser Gin obtained with difficulty and grow as loosely-adherent colonies ( Fig. 7A ) much more slowly than cells from normal glands or benign tumours (Rudland, 1987) . In contrast to cultured cells from normal and benign rat mammary glands, those from our metastasizing rat mammary carcinomas, as well as any cell lines developed from them, yield no myoepithelial cells nor any casein-producing, alveolar-like cells under the requisite hormonal conditions (Dunnington et al. 19846; Williams et al. 1985; Rudland et al. unpublished) . T h e weakly metastasizing Rama 600 cell line (Table 2) does contain a more elongated cellular component, but if this represents differen tiation to a myoepithelial cell it is of a partial and incomplete nature, and probably reflects only a vestige of the complete pathway (Williams et al. 1985) . Similarly, Rama 600 cells also appear to retain only a vestige of the differentiation pathway to alveolar cells (Rudland, 1988) . Perhaps neoplastic transformation of the epithelia l/intermediate cells results in a truncation of both differentiation pathways, and this truncation occurs earlier with increasing metastatic potential (Rudland, 1987) . Like most of the metastasizing rat mammary tumours, the culture of human Histochem. Cytochem. 28, [169] [170] [171] [172] [173] C h a n g , S. E ., K e e n , J ., L a n e , E. R . (1982) . Immunological markers in the study of development and oncogenesis in the rat mammary gland, J . cell. Physiol. (Suppl. 2), [19] [20] [21] [22] D u l b e c c o , R . , H e n a h a n , M ., B o w m a n , M ., O k a d a , S . , B a t t i f o r a , H . & U n g e r , M. (1981) .
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